In this study, three microdiets were tested on weaning of Florida pompano larvae: Otohime, Gemma and a reference diet LR803. The experimental system was stocked with 11-day-old larvae, which were co-fed micro-diets and live food from 11 dph to 17 dph then micro-diets only until 28 dph. Survival from 11 dph to 28 dph was similar for all treatments, with an average of 33%. At the end of the trial, the Gemma larvae were significantly longer and heavier than those larvae fed the other diets. Significant differences were observed in fatty acid composition of the diets and larvae between treatments. The Gemma larvae incorporated the lowest amount of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and arachidonic acid (ARA). However, they had the highest DHA/EPA and ARA/EPA ratios, which is in agreement with the concept that the proportions of polyunsaturated fatty acids could be of greater importance than their absolute amount. Results from the enzyme analysis suggest that fishmeal is suitable as the main protein source for Florida pompano larvae. This study gives new insights on Florida pompano early nutritional requirements and demonstrated the full functionality of the pancreas at 16 days post hatch, opening possibilities of an earlier weaning time.
INTRODUCTION 38
The Florida pompano, Trachinotus carolinus, is found along the coasts of the eastern Atlantic 39 ocean and Gulf of Mexico, from Massachusetts down to Brazil, with the highest abundance 40 along the coast of Florida (Gilbert, 1986; Smith-Vaniz, 2002 ). Belonging to the Carangidae 41 family, it is a popular food and game fish (Iversen and Berry, 1969; Weirich et al., 2006) . 42
The commercial fishery in the United States has remained small and the demand is 43 continuously increasing and higher than the supply (Weirich et al., 2006) . In 2011, with only 44 102.4 metric tons of commercial landing, the whole-fish dockside price reached US$ 8.92/kg 45 (NOAA/NMFS, 2013). In addition to a high retail price and consumer demand, the Florida 46 pompano has a fast growth rate and can withstand high densities, making it a prime candidate 47 for aquaculture production (Iversen and Berry, 1969; Moe et al., 1968; Weirich et al., 2006) . larval rearing is to provide adequate nutrition to support the fast growth and development of 52 larvae. Traditionally, most marine finfish larvae are first fed rotifers then Artemia until the 53 end of metamorphosis when they are slowly weaned on to a commercial dry diet (Rosenlund 54 et al., 1997). However, live food production is costly, time consuming and Artemia 55 nutritional value varies tremendously depending on strain, origin and even batches from the 56 same location (Conceição et al., 2010; Lavens and Sorgeloos, 2000). Rotifers and Artemia are 57 both deficient in essential fatty acids, which are a fundamental source of energy and 58 structural components for larval development (Sargent et al., 1997) . Indeed, marine fish 59 larvae are unable to elongate and desaturate 18:3n-3 and 18:2n-6 to polyunsaturated fatty 60 acids (PUFAs) and these PUFAs must therefore be supplied by the diet (Bell, 2003; Sargent
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4 bacteria to the larvae and the microbial control of live food cultures is a difficult procedure 63 (Olafsen, 2001) . 64
To achieve an economical and reliable production of juveniles in marine finfish aquaculture it 65 is critical to develop micro-particulate diets that provide the adequate nutrition to the larvae. 66
Research from the past decade showed that unlike previously suggested (Dabrowski, 1984 Folch et al. (1957) and the fatty acid composition was determined by 165 gas-liquid chromatography after preparation of fatty acid methyl esters (FAMEs) according 166 to Morrison and Smith (1964) . FAMEs were separated and quantified on a gas 167 chromatograph (Shimadzu GC-2014, Shimadzu Scientific Instruments, Columbia, MD, USA) 168 equipped with a Phenomenex ZB-WAX plus capillary column (30 m long, 0.53 mm internal 169 diameter, 1.0 µm thickness; Phenomenex, Torrance, CA, USA) with on-column injection and 170 flame ionization detection, using helium as carrier gas (4 mL min -1 ) and injector and detector 171 temperatures of 250 and 260 °C respectively. Temperature was held at 160°C for 5 min then 172 increased up to 220°C at 3°C per minute and maintained at this temperature for 30 minutes. 
Statistical analysis 178
Statistical analysis was performed with MINITAB ® version 16.0 (Minitab Ltd., Coventry, 179 UK). Normality and homogeneity of variance were confirmed using Kolmogorov-Smirnov 180 test. Growth, body depth, wet weight and enzyme activities were compared using a General 181
Linear Model (GLM) with all time and treatment interactions being analyzed and significant 182 differences grouped by a Tukey post hoc test with 95 % confidence. Survival, proximate 183 analysis and fatty acid data were arcsine square root transformed before a one-way ANOVA 184 followed by a Tukey post hoc test with 95 % confidence. Linear regression was performed to 185 evaluate the incorporation of selected fatty acids from the diet into larval tissues. All data are 186 presented as mean ± standard error of the mean (SEM) and level of statistical significance 187 was set at P<0.05. 188
RESULTS 189 190

Survival 191
Survival during the experiment (from 11 to 28 dph) was similar for all treatments with 32.1 ± 192 1.2 %, 32.6 ± 0.8 % and 33.3 ± 0.9 % for the fish fed the Gemma, LR803 and Otohime diets, 193 respectively (data not shown). 194 195
Growth 196
From 11 to 22 dph, larvae standard length was similar for all treatments (Fig. 1A) . By 26 dph, 197 the Gemma larvae were significantly longer than the larvae fed the other diets. This trend 198 continued at 28 dph with Gemma > LR803 > Otohime larvae. In addition, from 26 to 28 dph, 199
the Otohime larvae exhibited a slower growth compared to the other treatments with an 200 average length at 28 dph not statistically different from that of 26 dph (Fig. 1A) . 201
The first significant difference in body depth was observed at 16 dph with the Gemma larvae 202 being larger than the LR803 and Otohime larvae (Fig. 1B) . The same trend was observed at 203 28 dph. 204
From 26 dph onwards, the Gemma larvae were significantly heavier than the LR803 and 205
Otohime larvae (Fig. 1C) . No difference was observed between the other two diets. 206 207
Proximate analysis 208
Lipid content was significantly different between microdiets (Table 2 ). Highest lipid content 209 was found in the LR803 diet (26.8 ± 0.1 %), compared to the Otohime diet (21.2 ± 1.6 %) 210 and the Gemma diet (18.9 ± 0.5 %). At the end of the trial, no difference was observed in the 211 lipid content of the larvae.
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Protein content was significantly different between diets, with the Gemma diet containing 213 57.6 ± 0.1 % of protein, a significantly higher content than that of the Otohime diet (52.3 ± 214 0.1 %) and the LR803 diet (50.9 ± 0.1 %). The LR803 diet had a significantly lower protein 215 content compared to the two other diets. At the end of the trial, the Gemma and Otohime 216 larvae had similar protein contents (16.3 ± 0.3 % and 16.1 ± 0.3 % respectively), significantly 217 higher than that of the LR803 larvae (14.5 ± 0.8 %). 218
Moisture and ash content were significantly lower for the LR803 diet (respectively 5.6 ± 0.1 219 and 3.7 ± 0.1%) compared to the other diets. Moisture content was similar for the Gemma 220
and Otohime diets (6.4 ± 0.1 %) while ash content was significantly higher for the Otohime 221 diet compared to the Gemma diet (respectively 12.8 ± 0.1 % and 10.8 ± 0.1 %). However, at 222 the end of the trial no difference was observed in the moisture and ash content of the larvae 223 fed the different treatments with an average moisture content of 61.2 ± 0.3 % and an average 224 ash content of 10.6 ± 0.4 % ( Table 2) . 225 226
Fatty acid analysis 227
Fatty acid profile of the larvae at the end of the trial was strongly influenced by the fatty acid 228 profile of the microdiets (Table 3 ). The main differences were observed in linoleic acid (LA), 229 ARA, EPA and DHA content. 4.51 ± 0.13 % for the Otohime larvae. 235
There was also a strong correlation (R 2 =0.98) between the ARA content of the microdiets and 236 the ARA content of the larvae at the end of the trial. Highest ARA content was observed inA C C E P T E D M A N U S C R I P T the LR803 diet and larvae with respectively 0.55 ± 0.00 % and 0.59 ± 0.01 %. The Otohime 238 diet had a similar ARA content (0.54 ± 0.01 %), however the Otohime larvae incorporated 239 only 0.52 ± 0.01 % of ARA, significantly less than the LR803 larvae. A significantly lower 240 ARA content was observed in the Gemma diet and larvae, with respectively 0.34 ± 0.00 % 241 and 0.30 ± 0.00 %. 242
The Otohime and LR803 diet and larvae contained the highest proportion of EPA with 243 respectively 10.79 ± 0.05 % and 9.01 ± 0.08 % for the diet and 7.28 ± 0.08 % and 6.10 ± 0.13 244 % for the larvae. The Gemma diet and larvae contained the lowest proportion of EPA with 245 respectively 4.12 ± 0.03 % and 2.21 ± 0.04 %. 246
The Otohime diet contained the highest DHA content (9.57 ± 0.01 %), significantly greater 247 than the Gemma diet DHA content (7.32 ± 0.05 %) and the LR803 DHA content (5.36 ± 0.01 248 %). The Otohime larvae incorporated the highest DHA content with 11.22 ± 0.29 %. 249
However, even though the Gemma diet contained significantly higher DHA content than the 250 LR803 diet, the larvae fed these diets incorporated similar DHA contents (7.37 ± 0.11 and 251 7.12 ± 0.13 %) for the Gemma and LR803 larvae respectively. 252 253
Enzyme analyses 254
Trypsin activity in the pancreatic segment did not vary for the Otohime larvae ( Fig. 2A) . 255
However, for the Gemma and LR803 larvae, the activity increased two-fold from 16 to 22 256 dph, and then decreased from 22 to 28 dph to levels similar to 16 dph. In the intestinal 257 segment, trypsin activity remained steady in the LR803 larvae throughout the trial period, 258 while a two-fold increase was observed for the Gemma larvae (Fig. 2B) . A strong increase (4 259 fold) was observed in the Otohime larvae during the first half of the trial followed by a 260 decrease in activity from 22 to 28 dph.
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Amylase activity in the pancreatic segment exhibited a similar pattern for the larvae from all 262 treatments with a sharp decrease between 16 and 22 dph and stabilization from 22 and 28 dph 263 (Fig. 2C ). In the intestinal segment, amylase specific activity did not vary significantly in the 264 Gemma and LR803 larvae (Fig. 2D ). However, a two-fold increase was observed between 16 265 and 22 dph in the Otohime larvae, that decrease between 22 and 28 dph, and reach levels 266 similar to 16 dph. 267
In the brush border membrane, AP specific activity decreased by half between 22 and 28 dph 268 in the Otohime larvae (Fig. 3A) . In contrast, AP activity in the Gemma larvae appeared to 269 increase between 22 and 28 dph though it was not statistically significant (40%, p=0.087). 270
Activity levels did not vary significantly for the LR803 larvae. 271
Activity levels of AN increased more than two-fold between 22 and 28 dph in the Gemma 272 larvae (Fig. 3B) . A 50 % increase was also observed for the Otohime larvae, while no 273 significant difference was found in the LR803 larvae. During the trial period, an increase in 274 leu-ala activity was observed in larvae from all treatments although only significantly for the 275 Otohime and Gemma larvae (Fig. 3C ). Between 16 and 22 dph, a two-fold increase was 276 observed in the Gemma larvae and a three-fold increase in the Otohime larvae. Between 22 277 and 28 dph, no significant variations were observed in the Gemma larvae while a 20 % 278 decrease was observed in the Otohime larvae. 279
DISCUSSION 280
This study showed that microdiet composition has a major impact on Florida pompano 281 larvae, influencing growth, fatty acid incorporation and activity of digestive enzymes. 282
Standard length, body depth and wet weight were all enhanced by the Gemma diet compared 283 to the Otohime and LR803 diet. Survival was similar for all treatments hence all diets were 284 able to support the growth of larvae after the end of the live food period. 285
No difference was observed in the lipid, moisture and ash content of the larvae despite 286 significant differences in the proximate composition of the microdiets. This shows that the 287 minimal lipid requirement was met and demonstrates the ability of Florida pompano larvae to 288 tolerate some variations in the lipid dietary intake. However, significant differences were 289 observed in the fatty acid profiles of the diets and larvae. where the Otohime diet and larvae displayed the highest DHA and EPA contents but also 306 displayed the lowest growth. In contrast, the Gemma larvae, with the lowest DHA and EPA 307 contents but with a DHA:EPA ratio more than double of that of the Otohime or LR803 308 treatments, exhibited the fastest growth. At the end of the experiment, DHA:EPA ratios in the 309 larvae were significantly different from the ratios in the diet. The amount of EPA in the 310 larvae was significantly lower than that of the diet for all treatments. In contrast, the amount 311 of DHA was significantly higher in the Otohime and LR803 larvae than in the diets while it 312 did not vary in the Gemma treatment. This resulted in significantly higher DHA:EPA ratios 313 in the larvae than in the diet for all treatments. This suggests the ability of the larvae to 314 modulate, to some degree, the incorporation of EPA and some activity of the ∆6 desaturase, 315 even though the activity of this enzyme seems too low to convert enough EPA to DHA to 316 compensate the dietary deficiency (Vagner and Santigosa, 2011) . 317
Among the HUFAs, DHA and EPA are the most abundant in marine fish eggs and tissues and 318 the dietary requirements for these two fatty acids have been widely studied in comparison to 319 ARA, though the latter plays a critical role in the development of the larvae (Sargent, Bell, et 320 al., 1999; Bell, 2003) . ARA is specifically concentrated in fish eggs, attesting to its high 321 biological importance during the early phases of larval development (Bell et al., 1997). 322 EPA and ARA compete for the enzymes involved in the production of eicosanoids, with 323 eicosanoids produced from ARA being more biologically active, implying that, like DHA 324 and EPA, the ratio of ARA to EPA might be of greater importance than the absolute quantity 325 (Sargent, Mcevoy, et al., 1999; Tocher, 2003) . Results from this experiment are consistent 326 with these earlier observations. Both the Gemma diet and larvae presented a lower ARA and 327 requirements need to be considered as a whole, where the amount of each HUFA influences 330 the final ratios and the required metabolic pathways. An important difference in the fatty acid 331
profile of the different diets tested in this trial was the amount of LA. Despite the higher 332 levels of LA in the Gemma and LR803 diet, no increase in the content of the 333 desaturation/elongation pathway products was observed and it is likely that this fatty acid was 334 primarily used as a source of energy. 335
In addition to their impact on larvae development and fatty acid incorporation, microdiets can 336 strongly influence the development of the digestive system (Cahu and Zambonino-Infante, , 1996) . In the present study, the 368 higher specific activity of trypsin observed in the intestinal segment of the larvae fed 369
Otohime suggests that the peak of specific activity in the pancreatic segment occurred before 370 16 dph and was likely a sign of a higher pancreatic secretory activity. The Gemma diet 371 includes the highest amount of protein followed by the Otohime diet and then the LR803 diet. 372
Therefore the increase of trypsin activity was not a result of the protein content of the diet but 373 probably the result of differences in the source and molecular form of the protein in the diet. . In the present study, the exact ingredient quantities and the presence or proportions of 400 protein hydrolysates in the diets are not known. Therefore, it is difficult to characterize the 401 effect of each source of protein on larvae development. However, the satisfactory results 402 obtained with the Gemma larvae suggest that fish meal including a mix of native proteins and 403 protein hydrolysates is an appropriate source of protein for pompano larvae. ). In this trial, no decline in leu-ala activity was 410 observed in Gemma and LR803 larvae, while a peak was observed at 22 dph for Otohime 411 larvae but with an activity level at 28 dph superior to 16 dph. Cytosolic digestion in Florida 412 pompano seems to remain elevated after the onset of BBM enzymes; in consequence, the 413 maturation of the enterocytes should be evaluated primarily through the activity of the BBM 414 enzymes (i.e. AP and AN). Very minor changes were observed in the specific activity of AP 415 and AN in the LR803 larvae, suggesting a delay in the maturation of the enterocytes in this 416 group. At 22 dph, highest AP and AN specific activities were observed in the Otohime 417 larvae. Contrariwise, this positive sign of enterocyte maturation was not confirmed at 28dph, 418 particularly for AP. In contrast, larvae fed Gemma exhibited an appropriate maturation of the 419 BBM enzymes. This suggests that the Otohime diet was probably adequate for young larvae 420 before 22dph, but failed to sustain an appropriate development of Florida pompano larvae 421 after this developmental date. Contrastingly, the larval development seemed to be more 
